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frame 2

Energy flow into a defect:Energy flow into a defect:Energy flow into a defect:Energy flow into a defect:
Results from the local theoryResults from the local theoryResults from the local theoryResults from the local theory

• The energy dissipated by a moving defect can be obtained from the elastic 

fields far from the defect.

• Don’t need to know all the small-scale details.

• EshelbyEshelbyEshelbyEshelby (1956): 3D energy-momentum tensor and its surface integral.

• RiceRiceRiceRice (1968):  2D J-integral and its relation to plastic flow.

• Knowles & SternbergKnowles & SternbergKnowles & SternbergKnowles & Sternberg (1972): Obtained J-integral from Noether’s theorem.

= energy per unit crack area
= “driving force” on defect

This talk: Find a J-integral in peridynamics.
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frame 3

Peridynamics basics:Peridynamics basics:Peridynamics basics:Peridynamics basics:
Horizon and familyHorizon and familyHorizon and familyHorizon and family



frame 4

Bond forcesBond forcesBond forcesBond forces



frame 5

Bond forces are determined Bond forces are determined Bond forces are determined Bond forces are determined 
by the collective deformation of the familyby the collective deformation of the familyby the collective deformation of the familyby the collective deformation of the family



frame 6

Peridynamic equation of motionPeridynamic equation of motionPeridynamic equation of motionPeridynamic equation of motion



frame 7

Energy balance at a pointEnergy balance at a pointEnergy balance at a pointEnergy balance at a point



frame 8

Energy balance for a Energy balance for a Energy balance for a Energy balance for a subregionsubregionsubregionsubregion

Bond



frame 9

Free energy and the force stateFree energy and the force stateFree energy and the force stateFree energy and the force state



frame 10

Damage stateDamage stateDamage stateDamage state



frame 11

Bond breakage and progressive failureBond breakage and progressive failureBond breakage and progressive failureBond breakage and progressive failure

Bond elongation

Bond force density Bond breakage

Constitutive model with damage

Broken bond

Crack path

Crack propagation



frame 12

Damage leads to fractureDamage leads to fractureDamage leads to fractureDamage leads to fracture

Tearing instability

Balloon pop Peeling

Main advantage of peridynamics for crack modeling

Crack growth is autonomous: same field equations 
apply on or off of a discontinuity.



frame 13

Entropy production and energy dissipationEntropy production and energy dissipationEntropy production and energy dissipationEntropy production and energy dissipation



frame 14

Analyze dissipation of energy near a defectAnalyze dissipation of energy near a defectAnalyze dissipation of energy near a defectAnalyze dissipation of energy near a defect



frame 15

SteadySteadySteadySteady----state motionstate motionstate motionstate motion



frame 16

Free energy balanceFree energy balanceFree energy balanceFree energy balance



frame 17

Use first law to compute nonlocal Use first law to compute nonlocal Use first law to compute nonlocal Use first law to compute nonlocal 
work done across the boundarywork done across the boundarywork done across the boundarywork done across the boundary



frame 18

Total rate of energy dissipationTotal rate of energy dissipationTotal rate of energy dissipationTotal rate of energy dissipation

Peridynamic Peridynamic Peridynamic Peridynamic 
JJJJ----integral (3D)integral (3D)integral (3D)integral (3D)



frame 19

Crack in a plateCrack in a plateCrack in a plateCrack in a plate



frame 20

Crack in a plate:Crack in a plate:Crack in a plate:Crack in a plate:
Limit of small horizonLimit of small horizonLimit of small horizonLimit of small horizon



frame 21

SummarySummarySummarySummary
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